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Future Engineers: The Intrinsic Technology Motivation of Secondary 
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The supply of students motivated to study engineering in higher education is 
critical to the sector. Results are presented from the ‘Mindsets STEM 
Enhancement Project’. Fifty-seven new resources packs, designed to improve 
STEM education in Design and Technology, were given to schools across 
London. A modified Intrinsic Motivation Inventory questionnaire measured 
pupils’ (n = 458) motivation towards technology. The results show that although 
pupils have positive reactions to the technology content within Design and 
Technology lessons, the type of STEM resources and lessons created through the 
project had made no significant difference on pupils’ interest/enjoyment towards 
technology. This suggests standalone resources do not improve pupil motivation. 
The impact of this work to engineering higher education is that the existing levels 
and the inability to improve pupil motivation in technology at school could be a 
factor affecting the pursuit of a technology or engineering related education or 
career.   
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Introduction 
There is an increasing need for individuals with the knowledge and skills taught within 
the Science, Technology, Engineering and Mathematics (STEM) subjects within UK 
industry (Atkins, 2015; Harrison, 2012; IMechE, 2011; Roberts, 2002). STEM 
education is in demand. A holistic STEM education provides pupils with an increased 
understanding of how things work and improves their use of technology (Bybee, 2010). 
Technology is a crucial part of STEM and pupils’ use of technology can help with 
innovation, inspiration and creativity (Beyers, 2010; Bull & Garofalo, 2009; Eisenberg 
et al., 2003). Technology education can also improve performance and perceptions of 
science and maths (Alexander, Tillman, Cohen, Ducamp, & Kjellstrom, 2013; 
Lamberty, 2008). However, the supply of STEM educated pupils from England’s 
secondary schools does not meet the demand from higher education and engineering 
industry. 
The teaching of Mathematics and Science is clearly evident in the English 
School Curriculum; however, this cannot be said for Technology and Engineering. 
Whilst elements of these subjects can be found in Computing, Design and Technology 
(D&T), Information and Communications Technology (ICT) and Physics, they are not 
clearly defined as their own disciplines within the national curriculum. There are 
declining numbers of pupils choosing to study technology subjects beyond compulsory 
education, at GCE A-Level (JCQ CIC, 2014; Jones, 2016). Growth of engineering and 
technology subjects is slow, compared to all other subjects, in higher education (HESA, 
2014; Matthews, 2014). Three decades of initiatives to increase the number of women 
in physics and engineering has made little impact (Smith, 2011), with women still only 
representing 13% of the STEM workforce (Botcherby & Buckner, 2012). The research 
presented in this paper was driven to analyse pupils’ engagement, or disengagement, 
with STEM to understand the negative records for the supply of pupils, in contrast to 
the positive growth in demand from industry. 
Key Stage 3 (KS3) D&T was chosen as the most appropriate area of 
investigation for this research due to the decline in technology compared to 
mathematics and science education. In addition, D&T contains the largest amount of 
technology content in the compulsory curriculum, and therefore could provide the 
greatest insight and largest effect (Department for Education, 2013).  
There are issues with the technology content within D&T. The key findings in 
reports from the Office for Standards in Education, Children’s Services and Skills 
(Ofsted) identified a lack of relevant expertise in secondary school D&T teachers for the 
broad range of technology content within D&T (Ofsted, 2008, 2011b). Common 
projects and technology focused lessons are most suited to Craft Design and 
Technology (CDT) rather than technology rich learning intended for modern D&T 
(Barlex & Rutland, 2008; Cox, 2007; Kimbell, 1994; Lewis, Baldwin, Dein, & Grover, 
2005; Zanker, 2005). With teachers having difficulty implementing new technology 
projects (Choulerton, 2015; Jones, Tyrer, & Zanker, 2013; Musta’amal, Norman, & 
Hodgson, 2009; Ofsted, 2011b). 
The ‘Enhancing the teaching of STEM through Design and Technology 
(Mindsets STEM Enhancement Project)’ programme was created and managed by the 
Design and Technology Association to provide schools with financial support and 
resources focused on improving the technology content of D&T lessons. This paper 
presents results of the research conducted to measure outcomes. The motivation of 
pupils was selected as an appropriate outcome measurement to identify pupils’ 
engagement with technology lessons and resources. 
Self Determination Theory is a broad framework for the theory of motivation 
that was established by Deci and Ryan (1985). It introduced the idea of intrinsic and 
extrinsic motivation. In education intrinsic pupil motivation is learning for their own 
benefit, while extrinsic motivation is driven by the desire to pass exams (Deci & Ryan, 
2000; Ryan & Deci, 2000a, 2000b). The theoretical framework of intrinsic motivation 
has been used in this research as a indicator of student engagement and learning with 
technology. This is because intrinsic motivation has been associated with better 
academic performance in school (Cordova & Lepper, 1996; Gillet, Vallerand, & 
Lafrenière, 2012; Kusurkar, Ten Cate, Vos, Westers, & Croiset, 2013; Lin, McKeachie, 
& Kim, 2003; Uyulgan & Akkuzu, 2014). Links have also been shown between deep 
learning and intrinsic motivation (Chin & Brown, 2000; Marton & Säljö, 2005; 
Warburton, 2003) all of which would contribute to improved student learning and 
engagement.  
The specific aims of this study were to: 
(1) Measure the baseline intrinsic motivation of Key Stage 3 Design and 
Technology pupils have towards technology.  
(2) Assess the effect of a range of STEM resources had on pupils’ intrinsic 
motivation towards technology. 
The resources given to schools by the Design and Technology Association were 
intended to make technology education more engaging. The resources were practical 
based design activities and experiments, each one focused on one area of the technology 
portion of the D&T national curriculum. This was to give pupils hands on experience 
with equipment such as programmable devices, electronic circuits for simple electrical 
products and smart materials. Details of resources can be found at 
https://www.data.org.uk/for-education/secondary/stem-into-action-with-dt/.  
Method  
Design of Pupil Questionnaire 
To assess the motivation of pupils in this study the Intrinsic Motivation Inventory (IMI) 
was used, (http://www.selfdeterminationtheory.org). The IMI questionnaire is a 
multidimensional instrument containing subscales of interest/enjoyment, perceived 
competence, effort, value/usefulness, felt pressure and tension, perceived choice while 
performing a given activity and experiences of relatedness. The instrument has been 
used in prior research (Deci, Eghrari, Patrick, & Leone, 1994; Plant & Ryan, 1985; 
Ryan, 1982; Ryan, Connell, & Plant, 1990; Ryan, Koestner, & Deci, 1991) and 
specifically in measuring pupils in educational research (Loukomies et al., 2013; 
Sproule et al., 2013; Vaino, Holbrook, & Rannikmäe, 2012). These studies report on the 
reliability of the developed scales. 
Three of the subscales were chosen for use in this study interest/enjoyment, 
perceived competence and pressure/tension. The interest/enjoyment subscale is the self-
report measure of intrinsic motivation and contains 7 items. The perceived competence 
subscale is a positive predictor of intrinsic motivation and contains 6 items. 
Pressure/tension is a negative predictor of intrinsic motivation and contains 5 items. It is 
expected that there will be correlation between the factors and to provide validation 
between factors.  
The original IMI questionnaire is generic and it recommended by the authors of 
the instrument that it is modified to suit the individual study. The questionnaire has 
therefore been modified so that the items assess pupils’ perceptions of technology 
projects in D&T. Below is an example of one modified item: 
• Original statement: “I thought this was a boring activity” 
• Modified statement for start of project: “I think that technology projects are 
boring.” 
• Modified statement for end of project: “I thought that this technology project 
was boring.” 
The use of multiple items will improve the reliability of the three subscales. 
Pupils rate their agreement to each of the 18 items on a 7 point Likert Scale (1 = 
Disagree Very Strongly, 2 = Disagree Strongly, 3 = Disagree, 4 = Neutral, 5 = Agree, 6 
= Agree Strongly, 7 = Agree Very Strongly). Some of the items in the questionnaire are 
negatively phrased and so are scored in reverse during the analysis. This is to improve 
the reliability of the multi-item factors. The questionnaire was administered by teachers 
to their pupils at start and end of the projects in school.  
The questionnaire was piloted before its use by teachers in schools. The 
respondents to the pilot reacted negatively to the ordering of the items in the 
questionnaire as they were aware of the multiple items trying to assess the same factor. 
To address this, the questionnaire items were randomised.  
Analysis  
A factor analysis of the questionnaire responses was calculated first to verify if the 18 
items in the questionnaire were measuring the 3 expected factors of the IMI that were 
selected (Tabachnick & Fidell, 2001). Factor analysis was used to investigate if there 
was structure in the pattern of correlations between variables, this analysis expects to 
determine if the 18 items measured actually represent the 3 subscales of 
Interest/Enjoyment, Perceived Competence and Pressure/Tension (Brace, Kemp, & 
Snelgar, 2012).  
Before conducting the factor analysis two calculations were used to determine 
the suitability of the data for factor analysis. The Kaiser-Meyer-Olkin Measure of 
sampling Adequacy is used to test the amount of variance within the data that could be 
explained by factors, values above 0.6 are considered acceptable. Bartlett's test of 
sphericity tests that the data is factorable if significant. Passing these two tests suggests 
suitability of the data for factor analysis (Brace et al., 2012). 
There are two common methods of Factor Analysis, Exploratory Factor Analysis 
(EFA) and Principal Components Analysis (PCA) (Brown, 2009c; Tabachnick & Fidell, 
2001). Exploratory Factor Analysis (EFA) methods were best suited to the items in this 
study; as the items in the questionnaires were developed on theory from previous 
research (Brown, 2009b). To achieve optimal results Costello & Osborne (2005) 
recommend the use of the maximum likelihood EFA method, that was available within 
the software IBM SPSS Statistics 22 used for this analysis.  
To make the pattern of loadings for each factor clearer, rotation methods are 
required to analyse EFA data; oblique and orthogonal rotation methods maximise high 
correlations and minimise low ones. The oblique Oblimin with Kaiser Normalization 
rotation method was selected as there is expected correlation between factors 
(Tabachnick & Fidell, 2001). Oblique rotation is also favourable as it can reproduce 
orthogonal solutions (Costello & Osborne, 2005).  
A priori criteria were used to extract 3 factors, this is based on the number of 
expected factors found in previous research using this instrument (Brown, 2009a). Only 
factors with a loading greater than 0.32 are interpreted as this is the threshold for 10% 
overlapping variance (Tabachnick & Fidell, 2001). The structure matrix has been used 
to interpret factor loading as it accounts for correlations between factors (Brace et al., 
2012), the alternative pattern matrix may appear to show no loading as it only shows 
unique variance once overlap of correlations are omitted (Tabachnick & Fidell, 2001).  
Following the EFA the reliability of each identified factor was tested for internal 
consistency using the calculations for Cronbach’s alpha coefficients. Cronbach’s alpha 
was calculated for each factor with values greater than 0.7 being accepted (Brace et al., 
2012; Gliem & Gliem, 2003). 
If the factor passed the tests for reliability then, following the instructions for 
using the IMI, the factor scores are calculated as the mean score for all the items in that 
factor. These factor scores have been used in the analysis of results. Box plots and non-
parametric central tendency statistics were calculated to present the start and end results 
of the factors. The box plot displays median, interquartile range and range statistics for 
data. The features of a box plot are shown in Figure 1. Box plots were selected as the 
most appropriate method, compared to histograms or tables, for the display of these 
statistical calculations. The box plots provide clear comparison of statistics between the 
factors calculated by observation of the movement of the box.  
[Figure 1] 
To determine if there were statistically significant differences in the data 
collected before and after the nonparametric Wilcoxon Signed Ranks test was used. The 
Wilcoxon test is the nonparametric equivalent of the paired t-test (Brace et al., 2012).  
Wilcoxon Signed Rank Tests were used to compare the start and end of project results 
for each factor and assess if there were any statistically significant differences in results 
(Brace et al., 2012). These test statistics were calculated for the entire data set to 
observe changes across the whole available sample. They were also calculated for each 
individual school within the study, as sample sizes for individual school were small, 
exact test statistics were used to ensure that the data meets the assumptions of the tests 
(Mehta & Patel, 2013). The effect size, r, was manually calculated for the test of 
significance (Pallant, 2007, p. 225). IBM SPSS Statistics 22 was used to perform all 
other calculations in this analysis.  
Results  
Participants 
The number of questionnaire responses and the amount of missing data from the 
responses are shown in Table 1. A total of 959 participated in some part of the 
questionnaire process, from 31 schools. 860 pupils returned the start of project 
questionnaire, 117 of the start of project questionnaires were rejected due to missing 
data or errors made on the questionnaire resulting in a total of 743 complete responses. 
699 pupils returned the end of project questionnaire, 101 of the end of project 
questionnaires were rejected due to missing data or errors made on the questionnaire 
resulting in a total of 598 complete responses. 652 pupils returned both the start and end 
of project questionnaire, 194 participants results were rejected due to missing data or 
errors made on the questionnaire resulting in a total of 458 complete responses.  
[Table 1] 
With the amount of missing data for participants who completed the before and 
after questionnaires at 29.75% data imputation methods were considered unsuitable 
(Gelman & Hill, 2006; Scheffer, 2002). Cases with missing data values have been 
excluded test-by-test to preserve the maximum amount of useable data. The size of the 
sample used in each calculation is provided in these results. 
The sample size of 458 provides a confidence interval of 4.58% at 95% 
confidence level (Krejcie & Morgan, 1970) from a population figure of 483,795 state 
funded secondary school pupils (Department for Education, 2015). Therefore, the 
sample can be considered valid and the data for complete cases has been used. 
The total number of unique pupils that participated in the study were 959. The 
gender distribution shown was 234 males, 419 females and 306 with no answer given. 
The distribution of gender was skewed towards a high percentage of female pupils 
responding. Of the 31 responding schools, 3 were all girls and 1 was all boys.  
Factor Analysis 
Two factor analyses were calculated for the 18 items in each of the Start and End of 
project pupil questionnaires. Initially the factorability of the 18 items in each 
questionnaire was examined. For the start of project questionnaire, the Kaiser-Meyer-
Olkin Measure of sampling Adequacy was 0.922, above the recommended value of 0.6, 
and Bartlett's test of sphericity was significant (χ2 (153) = 6773.252, p < .01). For the 
end of project questionnaire, the Kaiser-Meyer-Olkin Measure of sampling Adequacy 
was 0.932, above the recommended value of 0.6, and Bartlett's test of sphericity was 
significant (χ2 (153) = 6621.758, p < .01). Given these indicators, factor analysis was 
conducted on all 18 items in both questionnaires.  
EFA was conducted using the maximum likelihood method with oblique 
rotation using the Oblimin with Kaiser Normalization rotation method. Three factors 
were extracted for each of the 18 items in the two questionnaires. Values for the start of 
project pupil questionnaire showed that factor 1 explained 37.9% of the variance, factor 
2 explained 8.3% of the variance and factor 3 explained 6.0% of the variance. The 3 
factor solution for the start of project questionnaire explained 52.1% of the total 
variance. Values for the end of project pupil questionnaire showed that factor 1 
explained 43.7% of the variance, factor 2 explained 8.9% of the variance and factor 3 
explained 4.9% of the variance. The 3 factor solution for the end of project 
questionnaire explained 57.5% of the total variance. 
The loading of factors for the start and end questionnaires are shown in Table 2. 
The items have been organised by their highest factor loading. The highest loading of 
each item is shown in bold type. The items and factors calculated in this EFA match the 
intended design of the questionnaire. As planned the loading of items to factors is the 
same in the start and end questionnaires. Questions 1, 3, 6, 8, 14, 15 and 18 load onto 
factor 1 Interest/Enjoyment, questions 2, 12, 13, 16 and 17 load onto factor 2 
Pressure/Tension and questions 4, 5, 7, 9, 10 and 11 load onto factor 3 Perceived 
Competence.  
The factor pressure/tension would be expected to have an inverse relationship to 
perceived competence. The structure matrix used has revealed the high levels of 
expected correlation between factors. This negative correlation is demonstrated in the 
significant negative loading on Items 11, 12 and 13. The items are sensitive to order and 
this could explain lower levels of primary loading for items 11 and 13 compared to 
previous experiments.  
[Table 2] 
Validity Test 
Internal consistency for each of the factors was examined using Cronbach’s alpha. For 
the start of project pupil questionnaire the Interest/Enjoyment factor consisted of 7 
items (n = 785, α = .887), the Pressure/Tension factor consisted of 5 items (n = 787, α = 
.773), the Perceived Competence factor consisted of 6 items (n = 827, α = .824). For the 
end of project pupil questionnaire the Interest/Enjoyment factor consisted of 7 items (n 
= 636, α = .905), the Pressure/Tension factor consisted of 5 items (n = 648, α = .800), 
the Perceived Competence factor consisted of 6 items (n = 652, α = .865). All calculated 
alphas were above the recommended 0.7 threshold for acceptance. 
Descriptive Statistics 
For each pupil’s complete questionnaire, the 3 factor scores were calculated. Central 
tendency statistics were calculated for the three factors in the start and end of project 
questionnaires, these are presented in Table 3. 
[Table 3] 
The calculated scores for all the factors are presented as box plots for descriptive 
analysis, see Figure 2. There were more responses to the start of project questionnaire (n 
= 743) compared to the end of project questionnaire (n = 598). The score is based on a 7 
point Likert scale, scores greater than 4 are positive responses from pupils; scores less 
than 4 are negative responses.  
The central tendency statistics and box plot show the high starting position for 
Interest/Enjoyment and Perceived Competence and the low starting position of 
Pressure/Tension. Higher scores are desirable for Interest/Enjoyment and Perceived 
Competence, while low scores are desirable for Pressure/Tension. 
The results in Table 3 and Figure 2 show no change in the median scores for 
Interest/Enjoyment between the start and end of the project. There is an increase in 
median Perceived Competence scores between start and end of the project and a 
decrease in median Pressure/Tension scores.  
[Figure 2] 
Central tendency statistics were also calculated for the starting scores for male 
and female participants, Figure 3. The figure shows that female participants responded 
with lower median factors scores in Interest/Enjoyment and in Perceived Competence 
than the male pupils. The female participants also scored higher in Pressure/Tension 
than the male pupils. The female pupils have scored themselves as being less motivated 
and less able in technology education, but they are also less pressured than the male 
pupils.  
Changes to pupil scores 
The first calculated differences in pupils scores between the start and end of the project 
were made on all available data to report impact for the entire study. 
No significant difference between start (n = 743, Mdn = 4.9, IQR = 1.5) and end (n 
= 598, Mdn = 4.9, IQR = 1.5) of project Interest/Enjoyment scores was found using a 
Wilcoxon Signed Ranks Test of Asymp. Sig. (2-tailed) (n = 458, Z = -1.427, p = .154, r 
= 0.05). There was no significant change in the whole study scores of pupil 
Interest/Enjoyment. However, the median starting score was that pupils were already 
positively motivated in technology.  
A significant difference between start (n = 743, Mdn = 4.7, IQR = 1.0) and end 
(n = 598, Mdn = 4.8, IQR = 1.2) of project Perceived Competence scores was found 
using a Wilcoxon Signed Ranks Test of Asymp. Sig. (2-tailed) (n = 458, Z = -3.994, p < 
.001, r = 0.13). There was a significant increase in the whole study scores of pupil 
Perceived Competence. 
A significant difference between start (n = 743, Mdn = 3.2, IQR = 1.6) and end 
(n = 598, Mdn = 4.8, IQR = 1.3) of project Pressure/Tension scores was found using a 
Wilcoxon Signed Ranks Test of Asymp. Sig. (2-tailed) (n = 458, Z = -4.278, p < .001, r 
= 0.14). There was a significant decrease in the whole study scores of pupil 
Pressure/Tension. 
The calculations of factor scores for each gender are presented in Table 4. The 
demographic of pupil participants in the study was skewed towards more female pupils 
(234 males, 419 females and 306 with no answer given). Comparisons were made 
between the factor scores between male and female pupils. The descriptive statistics of 
the start of project pupil questionnaire show that females are in a less motivated and 
confident starting position compared to male pupils. However, there was no significant 
difference between the aggregate factors scores and the factor scores of male and female 
pupils.  
[Table 4] 
The size effect of the statistical calculations above were small (r < .3) and 
required further analysis. This was achieved through the calculation of Wilcoxon 
Signed Ranks Test statistics for each individual school. This identified changes to the 
factor scores in more detail and described the impact of the project in each school. 
Exact significance tests were calculated as the sample size from individual schools is 
small. The calculations for each school’s pupil change in factor scores are shown in 
Table 5. The statistically significant results are marked with the direction of change. In 
5 schools, 0 pupils returned both the start and end of project questionnaires, and 
therefore no change in project score statistics could be calculated for these schools.  
This more detailed analysis shows that actually only 6 of the 31 schools had a 
statistically significantly positive improvement in pupil Interest/Enjoyment, see the 
items marked a in Table 5 for Schools 2, 5, 10, 20, 25 and 26. The factors of 
Interest/Enjoyment and Perceived Competence that have statistically significant 
changes feature mostly positive improvements and the Pressure/Tension factor are 
mostly negative, as would be expected from a successful intervention in schools.  
The unexpected significant results are with schools 4, 14 and 27. These schools 
have inverse significant changes which would suggest reductions in pupil of 
Interest/Enjoyment and Perceived Competence and increases in Pressure/Tension as a 
result of the intervention.  
[Table 5] 
Discussion 
Both the female and male pupils rated themselves as positively motivated towards 
technology education at the start of the project. However, the starting position for males 
was less pressured. Technology is traditionally perceived in schools as a more 
masculine subject (Colley, Comber, & Hargreaves, 1994) and although the difference in 
technology subject preference is decreasing it is still favoured by boys (Colley & 
Comber, 2003; Hasni & Potvin, 2015).  
This suggests that pupils are interested at some level in technology education. 
The project was however, unable to make improvements to pupil motivation in the 
subject. There was no significant change in pupil motivation between the start and end 
of project questionnaires. The skewed sample does not introduce bias towards the 
changes in pupil factor scores between the start and end of the project. The analysis 
showed no difference in the change of pupil scores for males and females. These results 
are aligned to other research studying global science and technology educational results 
(Potvin & Hasni, 2014).  Other research has reported a decrease in pupils’ science-
related interests and attitudes in the primary to secondary school transition (Christidou, 
2011) and that pupils attitudes towards ‘practical work in science’ was unchanged 
(Barmby, Kind, & Jones, 2008). 
Pupils reported that learning did take place as there was a significant 
improvement in pupils’ perceived competence scores. However, these improvements 
did not result in changes to interest/enjoyment scores. This project was intended to 
provide new resources to help teachers achieve an improvement in motivation. 
Therefore, the inability to improve pupil motivation in the subject is a key finding. The 
increased competency scores may have an impact on pupil motivation if pupils had 
enough time to continue to develop their knowledge.  
The reasons for no change in pupil motivation were not captured within the 
study but they may be explained by the quality of the schemes of work or by teachers’ 
own motivation. Intrinsic motivation requires autonomy (Hill, 2007). Pupils might not 
be more motivated by these projects as they were tasks that did not promote autonomy. 
There is a connection between teacher motivation and pupil motivation (Atkinson, 
2000). Teaching technology with an appropriate context should help motivate pupils 
(Dreyfus & Dreyfus, 1980; McCormick, 2004; Ofsted, 2011a, 2012; Pryde, 2007; Ritz, 
2011). As the resources were small stand-alone projects they may not have enough 
autonomy or depth to engage pupils.  
Conclusion 
Contributions have been made to the understanding of pupils who are in receipt of the 
technology teaching. This research measured the level of motivation of pupils. The 
findings were that in KS3, pupils are motivated in studying technology education, with 
a higher initial motivation scores for boys compared to girls, see Figure 3. Each pupil 
cohort was delivered one of a range of short technological projects during their D&T 
lessons which were intended to improve technology learning and motivation. These 
projects were not able to improve the motivation level of pupils as there was no 
statistically significant change to the pupil motivation measurements taken at the start 
and end of the study (n = 458, Z = -1.427, p = .154, r = 0.05). There were measured, 
statistically significant, improvements in pupils perceived competence during the 
project (n = 458, Z = -3.994, p < .001, r = 0.13) suggesting that pupils did understand 
more.  
Although the pupils’ starting position was positively motivated the aim was to 
increase current level to grow the number of school leavers selecting engineering and 
technology higher education and career paths. If pupils’ motivation towards technology 
is not being improved by the subject this could be used to explain the reduction in the 
number of pupils studying technology beyond compulsory education, and subsequently 
the difficulties experienced by industry in recruiting engineers and technologists. The 
unimproved motivation factor measured also highlights a disparity between subject 
experts and teachers’ opinions of which lessons and resources can impact pupils and 
what pupils are motivated to study. The results suggest that this type of intervention, 
providing projects and resources to schools, is not sufficient without providing further 
education and time for teachers to develop effective schemes of work.  
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Table 1. Number of questionnaire responses and missing data for the pupil 
questionnaire 
 
Number of 
responses 
Number of Complete 
Responses 
Missing 
Data 
Start of project pupil questionnaire 860 743 13.60% 
End of project pupil Questionnaire 699 598 14.45% 
Both the start and end of project pupil 
questionnaires 652 458 29.75% 
Total unique pupils (n = 959), Total unique schools (n = 31) 
 
  
Table 2. Structure matrix of factor loadings based on EFA using maximum likelihood 
and oblimin rotation for 18 items in the start of project pupil questionnaire (n = 743) 
 Factor loadings in the start of project 
pupil questionnaire (n = 743) 
  Factor loadings in the end of project 
pupil questionnaire (n = 597) 
Start 
Question 
(1) 
Interest/ 
Enjoyment 
(2) 
Pressure/ 
Tension 
(3) Perceived 
Competence 
 End 
Question 
(1) 
Interest/ 
Enjoyment 
(2) 
Pressure/ 
Tension 
(3) Perceived 
Competence 
SQ1 .669 -.380 .338  EQ1 .715 -.359 .424 
SQ3 .758   .454  EQ3 .811   .568 
SQ6 .487 -.409    EQ6 .602 -.396   
SQ8 .838   .633  EQ8 .879   .646 
SQ14 .841   .538  EQ14 .823   .583 
SQ15 .884   .582  EQ15 .862   .545 
SQ18 .630   .409  EQ18 .676   .461 
SQ2 -.402 .571    EQ2 -.402 .555 -.388 
SQ12   .356 -.418  EQ12   .447 -.473 
SQ13 -.480 .547 -.627  EQ13 -.502 .562 -.608 
SQ16   .803    EQ16   .809 -.390 
SQ17   .801 -.322  EQ17   .842 -.360 
SQ4 .435   .783  EQ4 .533 -.363 .806 
SQ5 .394   .744  EQ5 .442 -.322 .735 
SQ7 .482   .624  EQ7 .580 -.388 .679 
SQ9 .551   .707  EQ9 .601 -.411 .838 
SQ10 .525   .785  EQ10 .601 -.403 .845 
SQ11   -.415 .360  EQ11 .375 -.519 .430 
Note: Factors loading < .32 are suppressed.  
 
  
Table 3. Central tendency statistics for pupil questionnaire factor scores 
 Start (n = 743) End (n = 598) 
 Median IQR Median IQR 
Interest/Enjoyment 4.9 1.5 4.9 1.5 
Perceived Competence 4.7 1.0 4.8 1.2 
Pressure/Tension 3.2 1.6 3.0 1.3 
 
  
Table 4. Gender differences for pupil questionnaire scores 
 Factor 
Male (n = 116) 
 
Female (n = 232) 
 
Z p r Z p r 
Interest/Enjoyment -0.225 .822 0.01 -1.297 .195 0.06 
Perceived Competence -2.332* .020 0.15 -2.807** .005 0.13 
Pressure/Tension -2.687** .007 0.18 -3.925*** .000 0.18 
Significant at *p < .05, two-tailed. **p < .01, two-tailed. ***p < .001, two-tailed. 
 
  
Table 5. Changes in pupil scores between start and end of project for each individual 
school 
  
Wilcoxon Signed Rank Test, Z(p) 
 
Unique 
School ID n Interest/Enjoyment Perceived Competence Pressure/Tension 
1 13 -1.494(.073) -1.833(.033) a -2.814(.001)
 b 
2 26 -2.152(.015) a -2.021(.021) a -1.232(.113) 
3 25 -.822(.211) -.229(.414) -.35(.368) 
4 27 -3.52(0) b -2.605(.004) b -.217(.418) 
5 20 -1.942(.026) a -1.972(.024) a -2.325(.009)
 b 
6 0 . . . 
7 12 -.846(.215) -.788(.231) 0(.504) 
8 22 -.212(.421) -.486(.32) -1.294(.104) 
9 15 -.659(.266) -.699(.255) -.655(.266) 
10 22 -1.795(.037) a -2.071(.019) a -.263(.401) 
11 16 -.655(.266) -1.396(.086) -.211(.427) 
12 19 -.085(.472) -2.696(.002) a -2.262(.011)
 b 
13 0 . . . 
14 21 -1.113(.138) -2.391(.007) b -3.042(.001)
 a 
15 10 -1.262(.117) -.423(.367) -1.428(.084) 
16 25 -.341(.372) -.564(.292) -2.268(.011)
 b 
17 0 . . . 
18 18 -1.156(.134) -.442(.344) -.315(.386) 
19 0 . . . 
20 16 -2.182(.013) a -3.063(0) a -2.609(.004)
 b 
21 0 . . . 
22 26 -1.341(.093) -1.003(.163) -.259(.404) 
23 14 -.847(.211) -1.336(.098) -2.003(.024)
 b 
24 13 -1.016(.166) -2.536(.004) a -1.191(.126) 
25 35 -3.932(0) a -3.325(0) a -2.318(.01)
 b 
26 5 -2.032(.031) a -2.032(.031) a -2.023(.031)
 b 
27 11 -1.188(.133) -2.001(.022) b -1.995(.025)
 b 
28 3 -1(.5) 0(.625) -1.633(.125) 
29 21 -1.322(.097) -1.291(.105) -.142(.45) 
30 8 -.734(.281) -1.859(.039) a -.773(.258) 
31 15 -.874(.202) -.595(.303) -1.28(.122) 
a Significant positive change in scores (p < .05, Exact Sig. 1-tailed)  
b Significant negative change in scores (p < .05, Exact Sig. 1-tailed) 
 
  
Figure 1. Features of a box plot 
 
  
Figure 2. Box plots of calculated pupil IMI scores comparing all pupil scores on before 
and after questionnaires 
 
  
Figure 3. Pupil factor scores for the start of project questionnaire split by gender 
 
